Many papers have been published concerning the relationship between imaging in scanning microscopes and conventional microscopes of both the optical and the electron variety. If scattering in the object obeys the principle of reciprocity, as it certainly does for a planar object, then it has been shown by application of the principle of reciprocity that there is equivalence between a scanning microscope and an analogous form of the conventional microscope. This principle of equivalence is valid for partially coherent systems,l including also the effects of polarization.
2 Equivalence has also been shown by application of the methods of Fourier optics for the case of a planar object. 3 By the term scanning microscope we usually refer to a system in which a point or finite-sized source is focused to a spot in the specimen region, which is then scanned relative to the object. This may be more precisely termed a sourcescanning microscope. Either the source or the object may be scanned. The image in a conventional microscope may also be measured point by point to result in a detectorscanning microscope. Again the detector or the object may be scanned. Engel 4 extended the principle of equivalence to include a finite source in the source-scanning microscope, on the one hand, and a finite detector in the detector-scanning microscope or a blurring function in image recording in the conventional microscope, on the other.
Equivalence has been shown to break down for scanning microscopes with a finite source and detector or for conventional microscopes with a finite source. 4 -10 Discounting these last cases, equivalence is thus established for objects described by a complex amplitude transmittance. Using the methods of Fourier optics, equivalence may be extended to include the case of all objects obeying the principle of reciprocity. This result may also be deduced by application of reciprocity to the optical system. 1 Nyyssonen" has presented experimental results from thick objects with multiple scattering that showed marked differences between images formed in nearly coherent source-scanning and detector-scanning microscopes. Her results for detector-scanning microscopes, in this and other publications, have demonstrated good agreement with theoretical predictions. The images produced using sourcescanning microscopes were markedly poorer. Nyyssonen attributed this poor imaging to the inapplicability of equivalence for the case of thick objects in which multiple scattering can occur. The observed differences in response can be explained by the following possibilities:
(1) The principle of reciprocity is not valid for thick nonbirefringent samples.
(2) The optical systems are not equivalent. Nyyssonen herself discounted the effects of flare, which should in any case obey the principle of equivalence. Our view is that reciprocity can be proven starting from Maxwell's equations for objects, including loss and multiple scattering, for which the permittivity, permeability, and conductivity are everywhere scalars or symmetric tensors. 1 2 We therefore take the view that the results must be explainable by either possibility (2) or (3). In Nyyssonen's paper the two experimental arrangements are clearly not identical, and because of the complexity of the systems it is possible that they may not be exactly analogous: There may be differences with respect to polarization or perhaps because the beam splitter is in the imaging arm only in one case. If the effect were a property of the specimen, the most likely cause is birefringence. Silicon is isotropic, and so too is amorphous silicon oxide, but it is possible that birefringence is induced in the oxide layer by the presence of stress. However, we favor an explanation based on a difference in the two experimental arrangements.
